Gradient analysis is an essential tool in ecology for demonstrating patterns at the scales of individuals, populations, communities, ecosystems, landscapes, and the globe (Whittaker 1967 , Austin 1985 , Körner et al. 1988 , 1991 , De'ath 1999 , Ter Braak and Prentice 2004 , Hawkins and Agrawal 2005 , Crain and Bertness 2006 , Johnson et al. 2006 . The fundamental purpose of gradient analysis is to identify, through correlation, important abiotic factors (e.g. precipitation and air temperature) that appear to drive the geographical patterns of ecological processes and biotic distributions (Whittaker 1967, Ter Braak and Prentice 2004) . In the field, natural environmental gradients studied by ecologists are complex combinations of multiple factors. There have been warnings about analyzing this complexity in an overly simplistic manner (Ter Braak and Prentice 2004, Hawkins and Agrawal 2005) , but even so, many studies do not incorporate gradient complexity explicitly into analyses in order to understand the relative importance of different contributing factors. One of the most salient problems is that many factors along gradients co-vary, and by failing to analyze the relative importance of different co-varying factors, the importance of single factors can be overemphasized. Here, we review the literature to identify the potential scope of this problem, reanalyze a data set from the recent literature, present an example from the literature of how appropriate reanalysis can lead to a different conclusion, and present a brief analysis of our own data with both single-and multiple-factor analyses
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Literature analysis
We examined papers that had been published in Ecology, Global Change Biology, Journal of Ecology, Oecologia, Oikos, and Journal of Vegetation Science from January 2001 through December 2005. We searched each of these six journals independently. Three steps were taken in our search. First, we identified all papers using the keyword of 'gradient analysis'. Second, we reduced the search scope by requiring two keywords: 'gradient analysis' and 'environmental gradient'. Finally, we determined the number of papers which utilized single-factor correlations, but were designed to better utilize multiple-factor analyses. The first search located 718 papers, but these included very high numbers of studies that utilized artificial gradients, defined as any single-factor gradients under artificially controlled conditions. For example, experimental moisture gradients in growth chambers are not complex gradients and therefore not relevant to our goals here. The final search, using two sets of key words, yielded 133 studies that had been conducted on natural environmental gradients (e.g. elevation, precipitation or air temperature).
Of the 133 papers we located, 86 utilized simple, single-factor correlation analyses between ecological entities (e.g. leaf traits, population traits, and productivity) and environmental factors (e.g. latitude, altitude, temperature, and precipitation). Specifically, these papers examined the effects of each environmental factor on particular ecological entities separately, even though these factors are known to strongly co-vary. By analyzing relationships separately and without considering co-variance among factors, the 86 studies using this approach potentially overemphasized the correlational strength of the particular factor of interest. Interestingly, all studies had the potential to apply multi-factorial statistical techniques to the complex patterns of co-variation among suites of variables, with the potential to assign a more appropriate importance to each particular variable.
Two examples from the literature Rodeghiero and Cescatti (2005) reported a significant correlation between soil carbon and annual air temperature (r = -0.64, p < 0.05) and between carbon in litter fall and annual air temperature (r = 0.68, p < 0.05) using simple, single-factor correlations. Importantly, a significant correlation between annual precipitation and annual air temperature was also detected (r = -0.69, p < 0.05), indicating potential problems with single-factor approaches. We reanalyzed these data (Table 1 ) using partial correlation analysis (SPSS 13.0) and found that the correlation between litter fall carbon and annual air temperature was no longer significant when annual precipitation was controlled statistically (partial correlation coefficient, r p = 0.560, p = 0.092), but that the significant correlation between soil carbon and annual air temperature remained, even when annual precipitation was controlled for statistically. In other words, the effect of annual precipitation on soil carbon was relatively minor (r = 0.34, p > 0.05), and therefore the correlation between soil carbon and annual air temperature was not substantially changed by incorporating precipitation into the analysis. In contrast, the effect of annual precipitation on litter fall carbon was not statistically significant but strong (r = -0.54, p > 0.05), and therefore, the correlation between carbon in litter fall and annual air temperature was completely altered by including precipitation. In no way do we mean to single out this study as a singular problem. Such analytical problems appear to be widespread and Rodeghiero and Cescatti (2005) actually provided their data to facilitate recalculation and discussion of results, which is good science and quite unusual in the literature we examined. However, this study simply provides a clear example of the problems that can develop when co-varying factors are not analyzed together.
In another example from the literature, Körner et al. (1988 Körner et al. ( , 1991 used single-factor correlations and found that 1) 13 C discrimination declines with altitude, irrespective of plant life form, taxonomic group or climatic conditions and 2) altitudinal differences in 13 C discrimination vary with different latitudes. However, Kelly and Woodward (1995) reanalyzed their data sets using evolutionary comparative techniques and found that: 1) plant life-form was significantly correlated with δ 13 C when altitude was not controlled for statistically, but life form had no effect on 13 C discrimination when 13 C was compared among lifeforms within an altitude category; and 2) latitude did not affect foliar δ 13 C. The disparity between the conclusions of Körner et al. and Kelly and Woodward derives solely from different analytical approaches. As Marshall and Zhang (1994) pointed out; associating variation in discrimination with altitude may seem somewhat arbitrary, given that altitude, latitude, and longitude were inter-correlated among the sampled plots. This example is particularly important because altitude is a commonly analyzed gradient in ecology. Altitude and latitude are obviously indirect environmental gradients and many inter-related climatic (e.g. atmospheric pressure, temperature, precipitation) and edaphic factors (e.g. soil depth, nutrient status, waterholding capacity) vary with altitude and latitude. Therefore, differences in foliar δ 13 C among sampled plots should have been analyzed using altitude, latitude and longitude in a multi-factorial approach (Warren et al. 2001 ).
An example from the Tibetan Plateau
The altitudinal gradients on the Tibetan Plateau are extensive (Sun and Zheng 1998) . To explore patterns of leaf phosphorus (P) concentration, and the environmental factors with which leaf P was correlated, we collected soil and leaf samples, as well as meteorological data along a 600-km transect on the Tibetan Plateau. Details about this transect are presented in Table 2 . When we analyzed these data with single-factor correlation analysis, leaf P concentration of Stipa purpurea (LPC Stipa ) was significantly correlated with soil total P (r = 0.625, p = 0.030). However, this significant correlation disappeared when either precipitation (r p = 0.474, p = 0.141) or both precipitation and temperature (r p = 0.344, p = 0.331) were added to the analysis. Crucially, this occurred despite the fact that neither precipitation nor temperature had significant effects on LPC Stipa in the analysis (Table 3) . In another analysis, Leaf P concentration of Carex moorcroftii (LPC Carex ) was significantly correlated with available P (r = 0.739, p = 0.009) in the soil and precipitation (r = 0.687, p = 0.019) using single-factor correlations; but there was no significant correlation between LPC Carex and soil available P when either precipitation (r p Table 2 . Location (i.e. latitude (Lat), longitude (Long) and altitude (Alt)) of the sampling sites and their annual precipitation (AP), mean annual temperature (MAT), soil total phosphorus concentration (STPC), and soil available phosphorus concentration (SAPC), as well as leaf phosphorus concentration of Stipa purpurea (LPC Stipa ) and leaf phosphorus concentration of Carex moorcroftii (LPC- = 0.571, p = 0.085) or both precipitation and temperature (r p = 0.531, p = 0.141) were analyzed simultaneously in a multi-factor approach (Table 3) .
Conclusions
Our literature search shows that simple, single-factor gradient analyses are widely used in ecological research even when data are available for more appropriate multifactoral analyses. We demonstrate the problems that may occur when simple, single-factor correlations are used to explore relationships between ecological entities and complex, multi-factorial environmental gradients. Our case studies and analysis of a sample data set demonstrate the potential to overemphasize the strength of relationships with single-factor analyses. We suggest that simple statistical analyses should be replaced with multi-factor statistical analyses whenever possible, particularly when studying natural environmental gradients. For example, the use of step-wise regression with backward elimination of non-significant variables could have provided an alternative interpretation of almost all data sets we found in the literature. Another approach to reduce the problems associated with single-factor analyses could be to apply principal component analysis (PCA) to complex data sets to quantify the relative contribution of co-varying environmental factors prior to step-wise regression, or even post-PCA single-factor analysis, on the variables that PCA identifies as important. However, we want to emphasize that whenever two or more variables are correlated, it is difficult to determine the proportional effects of each variable on the others with either single-or multi-variate approaches.
Step-wise regression and PCA with correlated variables and principal component analysis have different problems in terms of analysis and interpretation. However, in many cases multiple-factor analyses are more likely to provide better tests of the relative importance of factors driving ecological patterns. Altitude is an important driver of broad-scale geographical patterns, and patterns along altitudinal gradients have attracted a great deal of attention (Körner et al. 1988 , 1991 , Kelly and Woodward 1995 . When examining the effects of altitude, we should consider the logical relationships among the factors that co-vary with altitude. If altitude is chosen as a driver shaping the geographical patterns of ecological entities, latitude or longitude should be statistically controlled for as much as possible. Additionally, care should be taken not to extrapolate across different scales when analyzing factors like altitude and latitude together.
In sum, due to the complexity of natural environmental gradients, it is often helpful to consider multi-variate approaches to data analysis. For small-scale ecological entities such as plant traits, local climate has a great deal of potential to offset altitudinal, latitudinal or longitudinal Table 3 . Pearson correlation coefficient (r) and partial correlation coefficient (r p ) between leaf phosphorus (P) concentration and environmental factors on the basis of SPSS (13.0). effects; thus including variables that represent local climate in multi-variate analyses may allow a more accurate analysis of the relative importance of several factors. Large-scale entities such ecosystem productivity usually correspond to single fundamental drivers, but drivers that can be hard to separate from others. In this case, multi-factor analyses may help to identify the driving factor. At either scale, ecologists may benefit from using analytic approaches that deal with such complex gradients.
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